Introduction
Promoters, the DNA sequences that allow RNA polymerases to initiate transcription, have few absolute DNA sequence constraints; many DNA sequences can serve as a promoter for any given RNA polymerase [1] [2] [3] [4] [5] . As a result, promoters arise in "unexpected" genomic contexts throughout life's different domains [6] [7] [8] [9] [10] [11] [12] . For example, promoters inside coding regions, or unsuitably orientated within non-coding DNA, are common [6] [7] [8] [9] [10] [11] [12] . In some instances, such promoters are properly regulated and generate functional transcripts [13] [14] [15] [16] [17] [18] [19] . In other cases, these promoters contribute to the phenomenon of pervasive transcription, a genome-wide background of low level RNA production, which could be beneficial in some situations 6, 7 . For example, spurious promoters may act as an evolutionary source of new functional RNAs 7 . However, some unexpected promoters appear to occur by happenstance, and are either transcriptionally silenced, or generate RNA species that are rapidly turned over [20] [21] [22] . If silencing systems fail, such transcripts can be generated at high levels 10-12, [20] [21] [22] . Since the synthesis of these RNAs is usually suppressed, and because the production of such transcripts can hinder correct cell function 21 , we will refer to the RNAs as spurious. In this point-of-view we argue that spurious transcription is unavoidable in some circumstances given the promiscuous nature of RNA polymerases and the apparent inability of natural selection to remove all chance promoters. Consequently, all cell types have evolved mechanisms to suppress spurious transcription. We will also discuss the causes and consequences of unwanted transcription in bacteria, archaea, and eukaryotes. 30 .
Controlling spurious transcription at the level of initiation

Inhibition of spurious transcription initiation
Natural selection has clearly produced organisms where promoter-like sequences within genes have been minimised. For example, in E. coli, Sulfolobus solfataricus and Schizosaccharomyces pombe, the average A/T-content of genes is often between 5% and 9% lower than that of intergenic DNA [31] [32] [33] . Even so, additional mechanisms are required to suppress transcription from protein 44 . In yeast, these phenomena appear to be mediated via differential activation of Rpd3S, a histone deacetylase complex 43, 45, 46, 47, 48 . The methylation state of H3 K36 also controls recruitment of the Isw1b chromatin remodelling complex, which works with Chd1 to prevent histone exchange and maintain chromatin structure 49 . Hence, yeast strains lacking both isw1 and chd1 have a prominent spurious transcription phenotype 49 .
Epigenetic DNA modifications occur in prokaryotic and eukaryotic cells 50, 51 . However, little is known about the role of such nucleic acid changes in controlling spurious transcription initiation.
To date, the best characterised consequences are those identified in mouse embryonic stem cells 52 , where intragenic methylation of CpG dinucleotides within the body of genes is required to prevent intragenic transcription initiation by RNA polymerase II 51 . Curiously, recruitment of Dnmt3B, the enzyme responsible for this DNA modification, is mediated by the methylation state of histone H3 K36 52 . Consequently, mammalian SetD2 controls histone H3 K36 methylation and co-operates with Dmnt3B to prevent spurious transcription initiation 44, 52, 53 .
Although DNA methylation is known to influence transcription initiation in bacteria 54 , there is no evidence this modification controls unwanted transcription.
Termination of spurious transcription
Whilst all cell types take measures to block spurious transcription initiation, these inhibitory mechanisms are imperfect. Hence, bacteria and eukaryotes have each evolved mechanisms to rapidly terminate production of spurious transcripts. In both cases, the termination machinery recognises a property of spurious RNA production not associated with functional transcription.
In bacteria, discrimination is based on the coupling of transcription and translation. Since regions of the antisense RNAs, and stimulate premature termination of antisense transcripts by cleavage and polyadenylation specificity factor (CPSF) and associated proteins 59 . In contrast, binding sites for U1 snRNP are enriched in 5' regions of the sense transcripts, and recruitment of U1 snRNP protects these RNAs from premature cleavage and polyadenylation 59 . In S. cerevisiae, the Nrd1-Nab3-Sen1 (NNS) complex has a key role 60 ( Figure 1B ). To distinguish between 7 spurious and functional transcripts, the yeast NNS complex also recognises specific nucleotide signatures in the RNA 61 . Crucially, these sequences are depleted in mRNAs 62 . In some instances, termination by the polyadenylation machinery may provide a back-up mechanism 63 . Sequences recognised by the polyadenylation machinery are enriched at the 3' ends of genes in the antisense orientation, preventing read-through of spurious transcripts into genes 63 . In prokaryotes, intrinsic terminators downstream of genes can be bidirectional, but most are not 64 .
Degradation of Spurious Transcripts
In both bacteria and eukaryotes, many spurious transcripts are rapidly degraded following transcription. This process is best understood in eukaryotes, where some spurious transcripts (as well as some functional transcripts) are degraded by the exosome complex. In S. cerevisiae, Nrd1 interacts with Trf4, a member of the TRAMP polyadenylation complex 65 . Thus, NNSterminated transcripts are polyadenylated by TRAMP, which leads to degradation by the exosome 66 ( Figure 1B ). There is also feedback from the exosome to the NNS complex, whereby the exosome component Rrp6 stimulates NNS-mediated transcription termination of a subset of RNAs 67 . The details of spurious transcript degradation are poorly understood in bacteria; the process has only been studied in the context of antisense RNAs. Thus, RNase III has been shown to degrade antisense RNAs in E. coli and Staphylococcus aureus [66] [67] [68] , and may target antisense RNAs paired with their cognate mRNA [68] [69] [70] . In Bacillus subtilis, RNase Y and RNase J1 play a larger role than RNase III in degradation of antisense RNAs 71 ( Figure 1A) . 81 . Similarly, in some melanomas, aberrant chromatin modifications are associated with intron derived RNAs and expression of a novel anaplastic lymphoma kinase isoform 82 .
The relationship between spurious transcription and impaired cell function
Chromatin alterations, and the activation of otherwise cryptic promoters, are also common in gastric adenocarcinoma 83 . More anecdotally, there are many accounts of A/T-rich DNA sequences being associated with chromosome instability and the synthesis of poorly defined microRNAs 84, 85 . This is significant, given the likelihood of such DNA sequences being enriched for spurious promoter elements.
Concluding remarks
The structure and function of housekeeping RNA polymerases is conserved throughout life 2 . In particular, RNA polymerase has a conserved propensity to initiate transcription with relatively low sequence specificity. Consequently, most organisms have evolved mechanisms to minimise 12. Deng, L., Kenchappa, C.S., Peng, X., She, Q., Garrett, R.A. 42.Xu, Z., Wei, W., Gagneur, J., Perocchi, F., Clauder-Münster, S., Camblong, J., Guffanti, E., 
